INTRODUCTION
One of the main contributors to environmental pollution in Asia is the waste management sector. The intensity of the issue is immense in developing nations like India, Indonesia and Malaysia while in developed nations such Korea and Japan sustainable waste management is being practiced. Current rate of municipal solid waste (MSW) generation in Malaysia has exceeded 19,000 tonnes daily [1] . Lack of waste recycling made the matter worse [2] . Approximately 95-98% of these wastes are sent to landfills for disposal. With less than 10% disposal sites being non-sanitary, heavy metal pollution has become an issue of concern. Waste disposal into landfills is one of the simplest and easy technologies practiced to manage solid waste [3] . Regulations which concern solid waste disposal vary from one country to another [4, 5, 6, 7] . The ever increasing waste generation shortens the span of a landfill that more and more new areas have to be converted into disposal sites. Waste disposal into landfills is one of the simplest and easy technologies practiced to manage solid waste [3] . Table 1 indicates the waste management methods practiced since 2002. Regulations which concern solid waste disposal vary from one country to another [4, 5, 6, 7] . The ever increasing waste generation shortens the span of a landfill that more and more new areas have to be converted into disposal sites. The negative impacts of MSW landfill to the environment cause a wide range of concern; it includes risk of explosion, odour problem, leachate seeping into surface and groundwater system, as well as, soil contamination due to heavy metal sourced from disposed waste [8] . Purity of soil is endangered by the uncontrolled or unmonitored leachate generation. As a finite resource that is essential for sustaining the existence of living being, it is crucial that proper soil management is in place. Contaminated soil remediation is reported as one of the most expensive technology in environmental management.
Heavy metal contamination is mainly due to the subsequent migration of leachate from and within the landfill's waste cell. The natural process taking place within the boundaries of the waste cells accelerate the process of heavy metal leaching from the waste component. Various types of wastes are the main sources of heavy metal within a landfill system. This includes metal waste components such as food cans and scrap metal and the indiscriminate dumping of household hazardous waste and electronic waste such as batteries and old computer. The release of heavy metal into the adjacent environment is a serious environmental concern and a threat to public health and safety.
Landfill leachate characteristics depend on the composition of the waste, the stage of stabilization, volume of the downpour and others [8, 9] . Studies conducted indicate Malaysian landfill leachate has high COD of 1250 to 6660 mg/l and BOD readings of 120 to 1990 mg/l and exceptionally high concentrations of K, Na and Cl, that pretreatment is required prior to biological treatment [8, 9, 10] . The concentration of heavy metals in leachate is higher during the acidogenic phase of waste due to the generation of acids in aerobic conditions [11] . Table 2 details the characteristics of selected landfill leachate in Malaysia. The presence of various heavy metals particularly Cd, Cr and Pb was a serious concern especially in dealing with landuse and soil future application. This study aims to characterize soil samples from selected disposal sites in Malaysia to study the heavy metal distribution in the landfill environment.
II. MATERIALS AND METHODS
Two disposal sites in Selangor were identified for the study. The first study area was Panchang Bedena landfill, an active 10 acres non-sanitary landfill located in Sabak Bernam district, Malaysia, while the second is a 138 acres of closed non-sanitary landfill which is currently undergoing development in Petaling Jaya, Malaysia. The main activity surrounding Panchang Bedena landfill includes coconut, rubber and oil palm plantations. For the purpose of the study, soil samples were acquired from three boreholes at various depth, designed as BH1, BH2 and BH3 (Figure 1 ).
Fig 1 Locations of boreholes in Panchang Bedena landfill
The second site was a former illegal disposal site in the 1980s which has been closed due to the encroachment of residential and commercial areas to the landfill boundary. Currently, the 20 years of disposed waste had been actively excavated to allow the conversion of the area into residential area and commercial centre.
Tests were performed to establish the heavy metal contamination and movement in and around the disposal site.
The tests include physical and chemical characterization of the soil and leachate samples from the landfill. Three soil samples were collected from each depth of the boreholes. At each site, 100g of clean sediment grabs were taken using a Ponar dredge. Samples were placed in sealed plastic bags prewashed with diluted nitric acid, and taken to the laboratory for analysis. The soil samples were acid-digested prior to heavy metal content analysis using the Inductively Coupled Plasma (ICP) Spectrophotometer (Baired 2000).
III. RESULTS AND DISCUSSIONS

A. Panchang Bedena Landfill
The specific gravity of the soil samples varied from 2.39 to 2.55. The pH values of the soil samples ranged between pH 6.8 to pH7.9, which can be attributed to the methanogenic condition of the landfill. The pH values obtained at each depth of the three boreholes are depicted in Figure 2 . 
B. Ex-disposal site
Results indicated that (Table 3) even though waste has been removed from the area, the surrounding soil was still heavily contaminated with metal elements which exceeded the Dutch Intervention Value.
Arsenic was detected at 64.4 mg/kg in surface soil. This was probably due to the disposal of batteries into the area in the MSW stream. Hg on the other hand was detected as high as 11.5 mg/kg, likely to be originated from disposed batteries or fluorescent bulbs. The toxic nature of these elements warrants immediate remediation to prevent long-term effects on the occupants of the area. Although wastes have been removed from most of the development area, the residues from the wastes have migrated into the soil and contaminated the soil surface. As and Hg are of particular concern due to its highly toxic nature. Furthermore, contaminated surface soil may result in pollution of surface and ground water via runoff. Remediation, such as, not to plant vegetables and fruit trees has inconvenienced the residents. Table 3 shows the results of surface and deep soil analysis in Kelana Jaya. The different range of heavy metal contamination in the different depth of the soil samples is highly dependent on the chemical composition of the soil. The effect of perturbation depends on the buffering capacity, chemical characteristics and specific compound of the soil, and the soil organic matter. Heavy metal binding properties of these soil constituents differ with the charges of the soil material and the ionic valency. As a result, different depths of the sample soil from landfill depict different capability of heavy metal binding. In addition, the rate and amount of pollutant penetration through the soil is also influencing the concentration of heavy metal present in the landfill environment.
IV. CONCLUSIONS
Results from the soil samples analysis indicated that heavy metal distribution vary with different depths and locations of the boreholes. Linear correlation was obtained between soil depth and the concentration of Pb, Zn and Fe at BH2, BH1 and BH2, and BH1, respectively. The concentrations of heavy metal in the Pachang Bedena landfill were below the Dutch Intervention value. However, precautionary action should be imposed to avoid future complications and irreversible degradation of the surrounding environment as seen in Kelana Jaya ex-landfill site. The heavy pollution intensity namely As and Hg contamination which exceed the Dutch Intervention values made the Kelana Jaya ex-landfill area risky for plants to thwart risk of bioaccumulation of contaminants into human food chain. Therefore, it is very crucial that necessary actions are taken as to ensure that future landfilling activities not posing environmental contamination and risks to human health.
